EHEﬁ@%q%l%@%52é@95-283) THERMVAL | MAG NG METHOD AND
APPARATUS BACKGROUND OF THE | NVENTI ON [ 0001] The
invention relates to thermal imaging. Mre
particularly, the invention relates to flash therma
| magi ng. [ GAGHMAT, asihd Net M THIMGURY APISA8CHHON
nmet hods and apparatus .are shown in US Patents 6542849
and 6712502 (the '849 and '502 patents respectively,

t he discl osures incorﬁ%rated by reference

gf which are

herein as if set BAGRERCHYD @RgtAy. TRVENASPY t her mal

000891 NEhSYSL IR (16 UAEPa e LR {faPing © 99F OF
nore flash [anps) and a detector (e.g., an iI'hi T ar ed

partraguhgrégpertae. ifivensdoncecandedetectfoasar e heatplled aging.
a control systemto control inspection of a workpiece.
After a flash fromthe source illum nates a surface of
the workpiece, the detector is used to obtain a tine

[0seri esFIofsH e@k @S] Ofmad IB@esn Medt Y N edhd 0 paratus
the surfaces. The decay properties of such radiate

. arpj ghowpaynbdSubedenssevalddr® ehd 6WdEkpPRedeheSUBH9 and '502

' b tq. | uat terial . thick ,
pat FE R, SEEREEE I oadr olie P SEhE REee Pd WhaRl BRE 11 ke
inSYMYBRYt OF BHE-bRYENTEONLEQPQQR] 2Gne ragpect:ooh nt R length). A

i nvention involves an inspection apparatus includes
bagighthsonateipeginvongdten dncéotieki ghfligha aohircst (e.g.,

onf e Fo8Ereh o PLIHEST, A IEEREL SeLECLr 12 e
imégﬂﬁ&acamera). The source and detector are coupled to a
control system to control inspection of a workpilece. After a
flash from the source illuminates a surface of the workpiece,
the detector is used to obtain a time series of readings or
images of light radiated from the surfaces. The decay
properties of such radiated light may be used to evaluate the
workpiece. Such techniques may be used to evaluate material
thickness, the presence of defects in the material, and the

like.

SUMMARY OF THE INVENTION
[0003] One aspect of the invention involves an inspection
apparatus includes a light source positioned to direct light
to a first surface of a workpiece. An infrared detector is
positioned to receive radiation from the first surface. A data
acquisition and processing computer is coupled to the light
scurce and the infrared detector. The computer triggers the
light source to emit the light a number of instances. The
computer acquires thermal data from the infrared detector for
a number of times after each of the instances. The computer is
configured to process the data using a theoretical solution to
analyze the thermal data based upon an average of the thermal
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EHag¢qeisi thgnogne processing conputer is coupled to the
light source and the infrared detector. The conputer

triggers the light source to emit the |ight a nunber

of instances. The conputer acquires thermal data from
dathetbnf hanedbeet €t eachobr oPHEBEHNAIngi FREsabtetheaglimes

of the instances. The conputer is configured to
fremodésserpptdanasusifngha thebsecesal solution to

anal yze the thernmal data based upon an average of the

thermal 1 EH 11575 (05-283) data for a nunber of each

of correspondi ng ones of the tines fromdifferent ones
(0004 ) h&hensteanicids [0 e Tre ndeteaidmboafin@mg 0o fmuhe invention

enbodi pents of the invention are set forth_in the
argcEBhpanyFiglBr Al ngscanBahkengedery pREdnanpel bey desmeiption

tu 0 ta vent
R e S o SR
1naedtimnmhe ckahppar Bt EFr 8eSORE PAé €0 OFt Tl BRAVWINGSings,
[0005] FIG 1 is a schematic view of a thermal imaging
angdy¥em tNE00b8I™ELG. 2 is a plot of raw detector data
and a theoretical fit for a prior art system and
method. [0007] FIG 3 is a plot of average data and a
theoretical fit for a systemand nethod according to

the present iBRERFI DNRSCR]IPOOSEY @?(IHE-DEAWEM$$t of
a dat.a .and a theoretical fit r a system and
oo d Tseadr ding: (35 HAE heaait iy teHnas IRAGihg systen.

[0006] FIG. 2 is a plot of raw detector data and a theoretical

fit for a prior art system and method.

[0007] FIG. 3 is a plot of average data and a theoretical fit

for a system and method according to the present invention.

[0008] FIG. 4 is a plot of average data and a theoretical fit

for a system and method according to the present invention.

[0009] Like reference numbers and designations in the various

drawings indicate like elements.
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L hke erence nunbers and designations in the
EHV%??Z%S%bérgaﬁ gs indicate like elenents. 2 EH 11575

(05-283) DETAI LED DESCRI PTI ON [0010] FIG 1 shows

thermal inmaging system 20. The illustrated system 20

may be simlar to thatrof gherB43 Ralgnt except as is

descri bed bel ow. Yet other systens may be used. The
(08¥81 e TR0 Imehdyes udexkriadl i inspecty & ywardapizece 2z iMNeistrated
wor kpi.ece 22 has at |east one exposed (outer) surface
SY?H?mTﬁg BR¥nprafymabprake thatigfakhext8fPopakanfaescept as

isad§5&£§55dlB¥f5w26§egh8tﬁ?%nggFeﬁgyﬁgg3? h@se8n Th system

Interior surface 28 atop error ace 300

20smbgtvat esdd. t&niexpapktasywsugpikayer2 anthsukstkpiéce 22 has
conbi nation involves a netallic alloy substrate 32 and
ataleppbtebei 98resati hgurayer speface| dd11Thahexeppi ary20urface

Q. _d he.presence of.a defect. 34 iLn
24 R 78 HRE0E Ot b GV aERE oS fus b T0E: alapace
lagedepbhndsbghovntheisurEaeeadd 29daP3yi fledexterior surface
characteristic transverse dinension L. The system may

30f@ftepubpbrated3to Hotexpinpbariiespoli 1épar(ang. subptrate

' 0. .. L nd/ or _a, def ect i ckness r her
cofoBfiat Foll tnvor B8 R nlr dELEE Al Pof naEPSEFoPE . 5 Ehe am
pr@aycbgvgsggatgngengpg}ng6a thickness T of the |ayer

26. C [0012] The system 20 includes first and second

flash [ anps 50
[0011] The system 20 may be used to detect the presence of a
defect 34 in the layer 26. The exemplary defect 34 may be a
void at a depth D below the surface 24 and having a
characteristic transverse dimension L. The system may further
be used toc determine the position (e.g., D), size (e.g., L
and/or a defect thickness), or other properties of the defect
34. Alternatively, the system may be used to determine a

thickness T of the layer 26.

[0012] The system 20 includes first and second flash lamps 50
and 52. In the exemplary system, the lamps 50 and 52 are
commonly powered by a power supply 54 for simultaneous
operation. Alternatively, the lamps could be powered by
separate power supplies, synchronized by a control system
(e.g., & computer). The supply 54 is, in turn, connected to
the contrel system which may include the combination of a data
acquisition and processing unit 56 and a function generator
58. The unit 56 and generator 58 are also coupled to an

infrared imaging camera 60.




Eqags22. (h9-sHe) exenplary system the lanps 50 and 52
are connnnl pomered by a power supply 54 for
sinultaneous operation. Alternatively, the lanps could
be powered by separate power supplies, synchronized by

(o@ugpntinel 1S¥HLM0 G&d-52 A reOMREti®n bnelne oSHRRY:- 9% liaShes of
in turn, connected to the control system which nay

light! tdeantie’2obbi bati onr dica EﬁtaThachmqgttlmﬂabmﬂ heats the
[ it 56 f ti t The

wog%a?feeéé'gﬁd“&ﬁ%ﬁza@%?‘?%%v%f@g%qﬁSﬁﬁ%ecﬂ%#%q? 3 o i "Srface 24

mayrhntsé o E5lc £ JBGL PP FANBIR B0 Ba FrEdIPT, djlégez%@#ﬂ 43

| anps 50 and 52 are positioned to es of
refflighs 7Oyand ﬁﬁetdef@etsuTmac@eﬁ@ctTWEyIh;ﬂdeto@e&tyflux 76
heats the r%g gce 22. A region 74 betmeen t he def ect
from Hhe Se9iate’ 249e8RST b HRat Rg "d@lflf%%%?ﬁi law nkje region

74 C{Qé’y L £ Rk el%wefh@@aﬁe '9{1@16?@{0&%{@ reg £ ggﬁom the

defect nmay hi nder heat rom-t
de fkeeperOtimt o ph@p@ntk®$em&y dheis, bé¢ hef fegiean. Udpemying upon
becone hotter than a sim|]ar _surface regi on beyond the

theigpgeRer ey net broperteekahe9f af® baves febtad the nature of
t
th ac‘?éeeffﬂé]I ga#ggp?i%f%g%ure o %’?ﬁrféo%%]?e&?cﬁ@%%e de{‘ecggby

rev@@ﬁﬁn@€tM@r@ft@@ﬂyctlve thereby reversing the effects.
C. [0014] After the flashes of Iight 70 and 72, the

wor kpi ece radiates energy fromits surface 24. The
| ens of the canera 60

[0014] After the flashes of 1light 70 and 72, the workpiece
radiates energy from its surface 24. The lens of the camera 60
is positioned to receive returned radiated light 78 from the
surface 24 (e.g., infrared light). The output of the camera 60
may be representative of temperature. FIG. 2 shows digital
counts outputted by the camera 60 inspecting the layer 26 at
the defect. This output is proportional to temperature. The
horizontal axis shows the time in seconds after the flash of
the lamps. The vertical axis shows temperature sensor output
(raw and not converted to any particular temperature scale).
FIG. 2 further shows a theoretical fit to this raw data. The
fit was calculated based upon a thecoretical temperature-time

function:

T(t)=—7 Y e

where T is temperature, t is time, o i1s the thermal
diffusivity of the layer 26, and d is a lcocal effective

surface thickness of the material in the layer (T away from
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| [ n 0 receive returned radiated light 78
EH §19@§ &bgsgg?gce 24 (e.g., infrared light). The output

of the camera 60 may be representative of tenperature.
FIG 2 shows digital counts outputted by the canera 60
theNIPEELE Nndng LR¥RE 2RedliortlE) dehEClysd N 51 QU BHheL Sthan
proportional to tenperature e horizontal "axis Shows
D,the wibhk tmkeebondsraﬁlme foe thasheat rébehl ahpsinibeior
vertical axis shows tenperature sensor output (raw and

SURBRCR ohY eF R RAT B 5L ART Bé?k.Eg|EPet%ﬁa@ﬁ%@uﬁérE%%¢e$4 For
th£$f%tg%%grf??tl§g°m§tamépe§565%99£t£%éoﬁ9 E?hﬁséa onger

dat s cal cu ased on a eore

tinenpes atorebtaim af 6nct away Opor th(ﬁéﬁe@t Hh@naalong the
n=-o0 Wwhere T is tenperature, t is time, ais the
deferf naPl fGerenti Uhegreticae Falbings, aBAURRPTEPELAbRaFOT

P T B, Ao SR eI Fhe P e Bt SRa
cotb gt ides defeet Jet Beganseg Tpasti @ier 1A8r Bhitkn¥kbes,
take |l onger time for the heat reach the interior

ang{p¥ sdet o bning epaébtf:bh@k tof efes expoR etin sar § f¢en2qoninal

heor e a it may be advant ageous to use
Com8+ %lon’t%ﬂé u%% i% %gtain a fit away fromthe defect

than along the defect. Different theoretical fittings
are appropriate for

[0015] Rather than fit to raw data, FIG. 3 shows data averaged
for two flashes. FIG. 4 shows a similar average for four
flashes. In each of these two situations, the theoretical fit
more closely matches. The use of multiple flashes may be
particularly significant for evaluating thicknesses of and

defects in thin layers and walls. For example, in evaluating a

thin wall or finding a shallow defect, a very short duration
pulse may be appreopriate. A baseline level of noise (e.g., due
to random and environmental factors) may be sufficiently large
relative to the detected radiation so as to render inaccurate
single flash data. Thus, depending upon the particular
situation, the contrel system may be programmed or adjusted to
provide a combination of flash brevity and a larger number of

flashes to improve accuracy.

(0016] This use of averaged data may be implemented in the
remanufacturing or reengineering of an existing thermal
imaging system. For example, at one level this may be

implemented by a software change.

[0017] One or more embodiments of the present invention have

been described. Nevertheless, it will be understoocd that
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EHdhggggeEE5sbggztlons (e.g., different layer thicknesses
an I nat'i for determ ning particular |ayer

t hi cknesses, and/or determ ning particul ar defects

even in a given nom nal conbination, and the |ike).
vak ] f ta.r a d

or S T oretuahe) hey Be BIAIHRLABHE ddoREpBoTeAn the
spavet agedf scobeunt thashesentmonachonfekhﬁp@etmmhen
. tuatjons, the theoretical fit nore closely matches.
mRL%fﬂ%%‘é@%f 1HuPt FRPRILNEEREBINEY Ei%maB‘éF@FEHFéFHySltuatlonr

filea f h e n

e o B AT P e L E BB B0y JFRESHS
dethibswaf| the fmpdemngnaaghahl omudeheehora, veny phonkiples may

duration_ pulse nay be appropriate. A baseline |evel of
ben%@%%l%% gvitluethes FaraBAfERE ehetReANEReER PACt or s)

yegg%l é&' CA@E{)‘:gl%ﬁ%gf oEEE?t Ml?o&?méggﬁgg%gasﬁghln the

SO as'tore rnaccuratée ~sing

scdﬁéaofTﬁhé,dep@ﬁﬂh@chQQmsthe particular situation,

the control system may be programmed or adjusted to

provi de a conbination of flash brevity and a | arger

nunber of flashes to inprove accuracy. [0016] This use

of averaged data may be inplenented in the

remanuf act uri ng or reengi neering of an existing thernal

i magi ng system For exanple, at one |level this may be

i npl enented by a software change. [0017] One or nore

enbodi nents of the present invention have been

descri bed. Nevertheless, it wll be understood that 5
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EH 11575 (05-283) various nodifications my be nmade
W t hout departing fromthe spirit and scope of the
i nvention. For exanple, when inplenented in a
reengi neering or remanufacturing situation, details of
the existing systemw || influence or dictate details
of the inplenentation. Furthernore, the principles my
. he. canbi ned with other techni ques whet her known or
What is glfr}egé@‘el oped. Accordingly, other enbodi nents are
within the scope of the followng clains. C C 6 Wat
is clained is: 1. An inspection apparatus conprising: a
1. An indpecfivin apparatues quowirisingned to direct light to a first

face of a.workpi.ece,.and i Sti tiall f
et e posdioned AU ERY tp Adus T iacq haovorkpirs gad t e
conssf S5 KL £l B ARG ER S| SIS B0 A0 e

ahagtratd detedtooeompesing arsinfratedficamera psilioned a¢ar said first side to
. acquisition and processing conputer: coupled to said
receive mdighen Hemrthe firg sunfacegdit i ng said 1ight source to enit

said j Ay jnstances; coupled to said
aiOﬁ#ar%:ﬁé%g@étagg%&e?%#é éa{loc"gﬁﬁt#[{]ng thernal data for a

pl ur abirpl¥d tePdaid lipBSoaick &r tHagdtinglsaldizhit Belre@asiit sdid
configured for processing sard thermal data by: for a

light a plurality bf ingtan¢eseach of correspondi ng ones of said timnes,

coupled to said infrared detector for acquiring thermal data for a plurality
of times after each of the instances; and
configured for processing said thermal data by:
for a plurality of each of corresponding ones of said times,
averaging the thermal data from different ones of said instances; and
using a theoretical solution to analyze said thermal data based upon
said average, wherein the average is a separate average for each plurality of the

corresponding times.

2. The apparatus of claim 1 wherein:

said average comprises a mean.

3. The apparatus of claim 1 wherein:

said average is taken across 2-20 of said instances.

4, The apparatus of claim 1 wherein:

said average is taken across 3-10 of said instances.

5. The apparatus of claim 1 wherein:

said average is taken across 2-4 of said instances.

6. The apparatus of claim 1 wherein:




i
averaging the thermal data fromdifferent ones of said
i nstances; and using a theoretical solution to analyze
said thermal data based upon said average, wherein the
average is a separate average for each plurality of the
corresponding tines. 2. The apparatus of claiml
wherein: said average conprises a nean. 3. The

*ﬂ@@m%ﬂﬂf“ﬂ%"%g&%ﬁ%ﬁ wherein: said average is taken

acr oss instances. 4. The apparatus of
claim1 wherein: said average is taken across 3-10 of
said instances. 5. The apparatus of claim1 wherein:
7. I3giagpares afelaim ltiakembinatios with-saidoforkpiece, issidtveorkpisce 6.
. Th arat u f claiml wherein: 7 the data conprises
bemgagqﬁxggpr%ang{neioﬂ?wézagt&ﬁmpgp%, of claim1 in conbination
Wi th said workpi ece, said workpiece being a gas
turbi ne engi ne holl ow cast conmponent. 8. The apparatus
8. Tak appaams df chim dnbicoabinatiomivith saidi workpiekq issideyorkpiecke
) wor kpi ece . being a coated gas turbine engi ne conponent.
being a epated gap {Uibide SBEWE CeMRBREausi ng a | i ght source to emit
pul ses of light a plurality of instances, said |ight
inmpinging a first surface of a workpiece; acquiring
9. A hetisdlcothipiigingor the workpi ece first surface for a

plurality of times after each of the instances; and
CAVHRSE Yehtgoyesedo emétrmddes @hlightiayplurality of instances, said light

impinging a first surface of a workpiece;
acquiring thermal data for the workpiece first surface for a plurality of times after
each of the instances; and
processing said thermal data by:
for a plurality of each of corresponding ones of said times, averaging the
thermal data from different ones of said instances; and
using a theoretical solution to analyze said thermal data based upon said
average of said thermal data, wherein the average is a separate average for each plurality

of the corresponding times.

10. The method of claim 9 wherein:

said average is taken across 3-10 of said instances.

11. The method of claim 9 wherein:

said average is taken across 2 of said instances.

12.  The method of claim 9 used to measure a wall thickness of a gas turbine engine

hollow cast component.

13.  The method of claim 9 used to measure a coating thickness of a gas turbine engine

component.




l
for a plurality of each of correspondi ng ones of said
times, averaging the thernmal data fromdifferent ones
of said instances; and using a theoretical solution to
anal yze said thermal data based upon said average of
said thermal data, wherein the average is a separate
average for each plurality of the corresponding tines.

o B FRURRED B MBS T 8 g

componéﬂtal m 9 wherein: said average is taken across 2 of said
i nstances. 12. The nethod of claim9 used to neasure a

vval | thi ckness of a gas turbine engine hollow cast
15 n 13. .The nmethod of claim9 used to neasure a
: F?S YHMTHUEE of a gas turbine engine conponent . 8

fi]rélt medns f%lf&%ﬁngﬁgﬂ t3laMirst sUFES 4% \g&tkgﬁztze .a defect in a

coating of a ga bi ne engi ne conpbnent. 15. An
saqma matans faraepriviag ngliaticnr fsdm theafist fupfaceliahdct i ng | i ght
,o a first surface of a workpi ece; second neans for
& Beon 1"radi ation fromthe first surface; and third

B AR 0 B R
dat a féloacqalrmguh@mau Matafforl d prafalief Bimepdfter @hcht dfahe

i nstances; and for processi nﬁ said thermal data using a
instances;faadr et i c&br BT@PQﬁlSIDeﬁalddhel’awé gz @smguadhttdn@trqahisoldmrato

f d
analyze G drg AT 418 BB P8R oB Rkt o GG oShpfiationat
cach of T I OMcBhEdRETHg dﬂ@§§f Qid BRAEdfrbMdi BEYERSones of said instances,

wherein the  average is a separate average for each plurality of the corresponding times.

16.  The apparatus of claim 15 wherein:

the third means is configured to take said average across 3-10 of said instances.

17.  The apparatus of claim 15 wherein:

the third means is configured to take said average as a mean.

18. A method for modifying a thermal imaging syStem from a baseline configuration
having:
a light source positioned to direct light to a first surface of a workpiece;
an infrared detector positioned to receive radiation from the first surface; and
a data acquisition and processing computer:
coupied to said light source for triggering said light source to emit a flash
of said light; |
coupled to said infrared detector for acquiring thermal data for a plurality
of times after said flash; and '
conﬁgﬁred for processing said thermal data using a theoretical solution to
analyze said thermal data based upon said thermal data for a said flash,

the method corhprising:




, |
wherein the average is a separate average for each
plurality of the corresponding tines. 16. The
apparatus of claim 15 wherein: the third neans is
configured to take said average across 3-10 of said
i nstances. 17. The apparatus of claim15 wherein: the
third neans is configured to take said average as a

o5t e e FER ISP R FRRRS Srbale” o a0 7

replacenﬁ:ﬁﬂdaﬁ@a&ﬁﬁélﬁdnpﬂﬁﬂprb@es@lhgQ hﬂegfdi to a first surface of
a vvorkpl ece; an infrare ector go& tioned to receive

r adi Atiggsm saiddight $parrde tpgmltsajphlmb@y 0 hesofcatddight;

ac t.i o t I

1 anecets Be T S bEa ey SERe tgresdbuibe RgRE e o
flas Qonﬂ%urﬁ@fd}tﬂrb&@mg Ea‘?a‘ﬂk?rﬁaltd&tasl?j d infrared detector

or acquifring thermal data for a plurality of times
af ter sai dof4 plebglitpofleachnf cguespanding omrsadesiditimessai d
thermal data using.a theoretical soluytion to  ,analyze
averaginghey t her ABgrmaheaa @&%@Fﬁ%ﬁ?&h%“é@é spiddnstacetidd for a

T i NnBFERON SRR ol zc Sig noFREH dold Bitel Bfon

dat a acqui si tion an processin

the pr oviagérage @f sdi®Heafigriam fofl aphuralitg of sachiofl moﬁa;q;ondlng ones
., processin r&puter to: trltgl;ger said |light source to
of said eni t tﬁnqm mnaudi aerdfones @fssaéis gshess ajhgrein ﬁﬁtaveraa@: A Separate

t her nal Jur of t fter each of the
{1 asueabS LpRrisy biite ¥ ieahdBE BN Lol o Fher e
data by: for a plurality of each of correspondi ng ones

of said tines,
19. The method of claim 18 wherein:

the data acquisition and processing computer is configured in the modified system

to take said average as a mean across 3-10 of said instances.

20.  The method of claim 18 wherein the data acquisition and processing computer is

configured in the modified system to take said average as a mean.

21.  The method of claim 18 wherein:
the data acquisition processing computer is configured in the baseline system to
analyze said thermal data based upon said thermal data for only a single said flash; and
the data acquisition and processing computer is configured in the modified system

to take said average as a mean across 2-4 of said instances.

22.  An inspection apparatus comprising:

a light source positioned to direct light to a first surface of a workpiece and
consisting and eséenﬁally of a pair of flash lamps positioned at a first side of the
workpiece; |

an infrared detector comprising an infrared camera positioned near said first side to
receive radiation from the first surface; and

a data acquisition and processing computer:

10




a |
averagi ng the thernal data fromdifferent ones of said

i nstances; and using a theoretical solution to analyze
said thermal data based upon the average of said
thermal data for a plurality of each of corresponding
ones of said tines fromdifferent ones of said
flashes, wherein the average is a separate average for

<SR E i ibokotee SRR S BRDT Sk CRemit ig 06
pluralitypf desemstdlg conputer is configured in the nodified

system to take said average as a mean across 3-10 of
cobpled rnspichindrased detectortfer apguiring thérmal datenfars: pihealiey of times

a acqgui sitign and processing conputer is configured
aﬂerﬂwﬁﬁkﬁﬁgn @F?ﬂgﬁ'systen1to take sai d average as a nean.

cOAfigukB@ fIFp 6 QREsiAf skl MeimaRiaphgy.ei n: the data
acqui sition processing conputer is configured in the
baselfomneplayaditenf ¢aeh ofnatrespendiag dnéshofrsaid! tintkest avdpaginglthe

R Gt an Rl el ol B 1o
ugﬁ’lﬁfa' B Sk Qolhﬁ&i&%ﬁ%&z@ S‘ait:!i ﬂ?etrﬁ?? da0a bAKE 5@&’1 %%@X@Jrfg%?

S-a nean across sal d i nstances.

wherein tHesgverige (va syppanaiwsagedopedct iphgalitg of ighdonesptndeng times.
positioned to direct light to a first surface of a
wor kpi ece and consisting and essentially of a pair of
flash | anps positioned at a first side of the
wor kpi ece; an infrared detector conprising an infrared
canera positioned near said first side to receive
radiation fromthe first surface; and a data
acqui sition and processing conputer: 10 coupled to
said light source for triggering said Iight source to
emt said light a plurality of instances;




coupled to said infrared detector for acquiring thernal

data for a plurality of tinmes after each of the

i nstances; and configured for processing said thernal

data by: for a plurality of each of correspondi ng ones

of said tinmes, averagi ng WBSTRAEr mal data from 2-4

different ones of said instances; and using a

the%Pe%PéaﬁC§éPataaﬁarétaﬁanpgéudaﬁdathég | sgaEgebased

d-av e r epar

polPPR,fakde 3 gizger ggﬁE t8 Lhgigue §9§f8§ﬁdl% BB Epiece.

average for eac e corres ng tl

An11nﬂB§EBACHetéﬁthS@SCbb@th@ﬁéﬁat@Srbﬂéhﬁ@eﬁaalbtﬂah from
source positioned to direct light to a first surface of
thy WhERpi eeéfacan Rndﬁéﬁeacaé@éét@@nugngogrpceﬁédngocomputer

the fi f
15 200 LFei B8 Eha R ohEckrhbBeonbi sPY 1 Eanproq ractRE - The
comp@hérS@ﬂ[ﬁ@eﬁﬁdthﬁelh@ﬁtaégqreétQét@ﬁltThﬁe T9RRY! &' number
triggers the light source to emt the |light a ndnber

Ofoi1$h@ﬁ@ﬁ@esThEheompupareacauqUeseghehmahauauatérbmomhe
i, nf,r ector fo er of gnes af er e%gh

SR P ERE eSS  TRen kel BE Fenegn? Fhareaar
inPf OLESS. thﬁed@bﬁpuﬁékngsacbﬂ?@&@?bﬁakosﬁkHEbgg tRe data

anal yze the thernmal data based”™ upon an average of the
usiph@ramthearatioalasalnbéonotoeavhlyte tber bpondingata based
UP?%Sggﬁégépgﬁégﬁ stggogkgkag?rgggao?es gfnhgger of each of
corresponding ones of the times from different ones of the

instances.

Figure 1
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